Background and significance
Oral health is a comprehensive indicator of an individual's socioeconomic status (SES) and accessibility to health care. Disorders of the mouth, including teeth, palate, and related soft tissues can have a significant impact on quality of life (Locker, 2002) . Poor oral health is found to be associated with higher risk levels of chronic stress, depressive symptoms (Finlayson et al, 2010) , cardiovascular disease (CVD), cancer (Kim et al, 2013) ischaemic heart disease (IHD), ischaemic stroke heart failure (HF), and peripheral vascular disease (PVD) and other mortal diseases (Joshy, Arora, Korda, John Chalmers, & Banks, 2016) .
Race/ethnicity is an important stratification factor in oral health disparities, due to uneven distribution of dental care and socioeconomic status among different racial groups (Bastos, Celeste, & Paradies, 2018) . Compared to Non-Hispanic Whites, African Americans with lower SES suffer more from tooth loss, dental decay, dental pain (Cohen et al., 2011; Gilbert, 2005) and chewing difficulties (Gilbert, 2005) . Moreover, African Americans report more financial difficulties and are less likely to seek dental care than their white counterparts (Gilbert, 2005) . There is also a racial difference in treatment choice. For instance, African Americans are less likely to select Root Canal Therapy than Non-Hispanic Whites (Tilashalski, Gilbert, & Litaker, 2007) . Kelesidis (2014) has found that, due to differences in education attainments, socioeconomic status, and access to dental care, African Americans report worse oral health perceptions and higher prevalence of dental decay than Asian Americans. Hwang, Smith, McCormick, and Barfield (2011) have found significant ethnic disparities among Non-Hispanic White and Black maternal oral health experiences. Non-Hispanic Blacks are more likely to suffer from dental problems but less likely to get dental care during pregnancy. Huang and Park. (2015) have found that Blacks and Hispanics seniors are more likely to report self-rated poor oral health compared to Non-Hispanic Whites. Black seniors are more likely to report potential chewing difficulties and fewer teeth. Wu, Liang, Plassman, Corey Remle, and Bai (2011) have reported that blacks and Mexican-Americans have more decayed teeth but fewer filled teeth than their white counterparts. Black adults present even worse oral health than Hispanics. For instance, Hispanics are less likely to report no natural teeth compared to Non-Hispanic Whites and Blacks.
On the other hand, language plays an important role in accessing dental care (e.g. accessing oral health insurance, and dentist visits). In the U.S., people who are not proficient in English face multiple barriers to accessing dental services, which in turn, have negative effects on their oral health. Previous work shows that immigrants, racial/ethnic minorities, and those with poor English proficiency face worse health, barriers to health care, and low rates of insurance coverage. Factors related to nativity, such as immigrants' length of stay in the U.S., the age at immigration, and the country of birth are also related to oral disease prevalence (Cruz et al., 2009) . Sanders (2010) have examined the "latino paradox" on oral health. He finds that compared to first generation of Hispanic immigrants, the latino advantage is modified by the length of stay in the U.S. among the second generation as a result of disadvantaged socioeconomic status, and language barriers. Other scholars also have come to recognize that English proficiency is one of the barriers to access health care. NonEnglish speakers are more likely to report less access to general health care and less use of preventive services (DuBard & Gizlice, 2008; Lebrun, 2012) . Furthermore, patients with limited English proficiency are more likely to report lower quality of communication with physicians. Yet to date, studies on language-related oral health disparities have focused primarily on children. Children in non-English primary language households are more likely to be poor, overweight (Flores & Tomany-Korman, 2008) , and lack oral health care (Yu et al., 2015) . No study to date has focused on potential variations in oral health among adult non-English speakers, exploring the interlocking roles of nativity and English proficiency and whether the barriers are similar at different levels of socioeconomic status, which is what this study undertakes herein.
This paper focuses on the effects of racial/ethnicities and language related barriers to access to dental care and oral health status among different groups in the U.S. This study will report the differential access to dental care and oral health disparities among Hispanics (including Spanish-speakers and English speakers), Non-Hispanic Whites and NonHispanic Blacks. Demographic backgrounds are included to detect social determinants of oral health disparities among different racial and language groups.
Study aims and hypotheses
In this paper, the author focuses on the racial differences and language related oral health disparities. The author proposes four hypotheses on the effects of language and dental care on oral health disparities. Hypothesis 1. Non-Hispanic Whites report better oral health than NonHispanic Blacks and Hispanics. Hypothesis 2. Blacks and Hispanics are less likely to visit dentists than their white counterparts.
Hypothesis 3.
Hispanics who speak Spanish report adverse oral health outcomes and fewer dentist visit than Hispanics who speak English.
Hypothesis 4. Differential oral health outcomes result from differential socioeconomic status (SES) among racial groups.
Methods

Data source
In this study, the data are from the National Health and NutritionExamination Surveys (NHANES). NHANES is one of the programs of the National Center for Health Statistics (NCHS). It intends to investigate the health and nutritional status of both adults and children across the United States. Demographic, socioeconomic, dietary, and health-related questions are included in the survey. The first NHANES started in the early 1960s and became a continuous program in 1999. Besides the survey, NHANES also includes interview data, examination data, and laboratory data. Different population groups are included. Three waves are involved: the 2011-2012 survey, the 2013-2014 survey, and the 2015-2016 survey. In each wave, the demographic data, the questionnaire data, and the examination data are included. Then, three waves are pooled together.
Study population
This study restricts the analytical sample in several ways. First, only Hispanics, Non-Hispanic Black and Non-Hispanic Whites are included. Asians and other ethnicities in the survey are excluded due to the limited sample size and complicated language background. Second, the NHANES data include all age groupsolder than 6 months. In this study, only adults older than 20 are included. Third, among all qualified respondents, those whose information includes any missing data in outcome variables or independent variables are deleted. The pool of NHANES 2011-2016 included 29, 902 respondents. The final sample consists of 12,307 respondents, including 1770 Hispanics whose primary language is Spanish, 1583 Hispanics whose primary language is English, 5666 Non-Hispanic Whites, and 3288 Non-Hispanic Blacks.
Measurements
Outcome variables
Irregular dentist visits. Respondents were asked, "when did you last visit a dentist? -six months or less; more than 6 months, but not more than 1 year ago; more than 1 year, but not more than 2 years ago; more than 2 years, but not more than 3 years ago; more than 3 years ago, but not more than 5 years ago; more than 5 years ago; and never have been." In this study, the responses are recoded as four categories: six months or less (1); more than 6 months, but no more than 2 years ago (2); more than 2 years, but not more than 5 years ago (3); and more than 5 years, or never (4).
Self-rated oral health. Respondents were asked to "rate the health of your teeth and gums-excellent, very good, good, fair or poor?" Responses are recoded as excellent or very good (1), good (2), fair (3), and poor (4).
Number of missed teeth. The information about the number of missed teeth is obtained from the examination datasets of NHANES. The coding include two steps: first, if a tooth is completed present, it is coded as 0, otherwise, all decayed or lost teeth are coded as 1. Second, the number of missed teeth is obtained by adding up all values together except four third molars. The final number of missed teeth ranges from 0 to 28.
Independent variables
The analysis includes a series of independent covariates. To capture socioeconomic status, this paper measured education and family income. Education is measured in 5 ordinal categories: no high school (1), some high school (2), high school (3), Some college or AA degree (4), and college graduate or above(5). Family income is measured with 14 income categories ranging from no income to $100,000 or more. Based on the distribution of income for the analytic sample, the family income is collapsed these into 4 groups: $0-19,999 (1); $20,000-44,999 (2); $45,000-74,999 (3); $75,000-$ 100,000 and over (4).
Other demographics included in the models are citizenship status, country of birth, marital status, gender and age. Citizenship status is coded as citizens (1) and non-citizens (0). Country of birth is coded as foreign born (1) and born in the U.S. (0). Marital status is coded as married or live with partners (1), and single (0, which includes divorced, widowed, and those who never get married). Gender is coded as female (1) and male (0). Age ranges from 20 to 80. People who are older than 80 are coded as 80 during the survey.
Language and races are considered as grouping variables. For language, the survey had reported the language spoken at home. Respondents who use Spanish only or use Spanish more than English at home are coded as 1, and those who use Spanish equally to English, or use English more than Spanish, or only English are coded as 0. Finally, the whole sample is divided into four groups: Non-Hispanic Whites, Non-Hispanic Blacks, Hispanics preferring English (0), and Hispanics preferring Spanish (1).
Statistical analysis
The analyses are performed using the STATA software version 14.0. Two stages are used to proceed the analysis. First, the author reports the mean and standard deviation (as appropriate) of study variables for the total sample, then separately for four groups: English-speaking and Spanish-speaking Hispanics, Whites, and Blacks.
Second, the author applies ordered logistic regression models for the irregular dental visits and self-rated oral health. In addition, a negative binomial regression model is used to estimate the effects of independent variables on the number of missed teeth. All models are stratified by four racial and language groups. The purpose of this approach is to test for potential moderating effects within these subsamples of all of the covariates. Table 1 presents the characteristics of the whole sample. Nearly half of Non-Hispanic Whites (46.13%) have visited their dentist in the past 6 months. The percentage of Non-Hispanic Blacks is 32.54%, for Englishspeaking Hispanics is 35.44%, and for Spanish-speaking Hispanics is 28.81. There are 39.25% Non-Hispanic Whites who report their oral health is excellent. The percentages are lower for other groups, especially for Spanish-speaking Hispanics, is only 14.46%. English-speaking Hispanics have missed 4.63 teeth on average, fewer than the other three groups. Non-Hispanic Blacks have missed 7.32 teeth on average, which is greater than all other groups.
Results
The average age of each group is around 45-51. English-speaking Hispanics are younger, and Non-Hispanic Whites are older than the other groups. Female respondents take account half of the sample for each group. Non-Hispanic Blacks report the highest ratio of marital status as single (57.09%).
When it comes to socioeconomic status (SES), Non-Hispanic Whites present most advantaged status while Spanish-speaking Hispanics report the lowest status. 40.86% of Spanish-speaking Hispanics with no high school education while nearly one-third Non-Hispanic Whites (29.81%) have a bachelor degree or higher level of education. More than half of Spanish-speaking Hispanics (58.81%) do not have citizenship. Nearly one-third of English-speaking Hispanics (29.19%) are born outside of the United States, and 90.51% of Spanish-speaking Hispanics are foreign born. More than one-third of Spanish-speaking Hispanics (34.41%) report $19,999 or less annual family income, and only 7.79% of this group report the highest annual family income (higher than $75,000). Table 2 presents the effects of social gradients on irregular dentist visits. All social gradients have effects on irregular dentist visits except marital status. Among Non-Hispanic Whites (OR = 0.993, 95% CI = 0.990-0.995) and both Hispanic groups (OR = 0.993, 95% CI = 0.998-0.999; OR = 0.991, 95% CI = 0.985-0.997), older respondents are slightly less likely to visit their dentists irregularly. Among all four groups, females are less likely to visit their dentist irregularly. Education level plays an important role in dentist visit among all groups. There is a slight difference: compared to respondents who report no high school education, Non-Hispanic Whites of each education level report lower likelihood of irregular dentist visits. For the other three groups, there is no significant difference on irregular dentist visits between people who have some high school education and those with no high school education. Citizenship is significantly related to irregular dentist visits among Non-Hispanic Blacks (OR = 2.014, 95% CI = 1.369-2.963) and Spanish-speaking Hispanics (OR = 2.058, 95% Table 1 Descriptive results of non-hispanic whites, non-hispanic blacks, English-Speaking hispanics, and Spanish-Speaking hispanics in NHANES (2011-2016, N = 12,307 19, 999) , all the other groups are less likely to report irregular dentist visit. For Hispanics, there is no significant difference on dentist visits among the lowest income group and those whose annual family income is $20,000-44, 999. Table 3 presents the effects of social gradients on self-rated oral health.
Older Non-Hispanic Whites (OR = 0.993, 95% CI = 0.990-0.995) are less likely to report fair/poor oral health, while older Non-Hispanic Blacks (OR = 1.006, 95% CI = 1.002-1.010) and English-speaking Hispanics (OR = 1.009, p < 0.01) are more likely to report fair/poor oral health. Non-Hispanic White females (OR = 0.750, 95% CI = 1.003-1.015) are less likely to report fair/poor oral health. There is no gender difference among other groups. Compared to respondents with no high school education, Non-Hispanic Whites who have finished high school and those with higher education report a lower likelihood of fair/poor self-rated oral health. Non-Hispanic Blacks with a BA degree (OR = 0.496, 95% CI = 0.354-0.696) and Hispanics with some college education or more are less likely to report fair/poor oral health. Spanish-speaking Hispanics who do not have citizenships (OR = 1.384, 95% CI = 1.119-1.713) are more likely to report fair/ poor oral health. Foreign born Non-Hispanic Blacks (OR = 0.517, 95% CI = 0.403-0.664) and English-speaking Hispanics (OR = 0.752, 95% CI = 0.598-0.946) are less likely to report fair/poor oral health. For Non-Hispanic Whites and Blacks, and English-speaking Hispanics, compared to the lowest income group (less than $19,999), all the other groups are less likely to report fair/poor oral health. For Spanishspeaking Hispanics, there is no significant difference in fair/poor oral health between the lowest income group and those whose annual family income is $20,000-44, 999. Table 4 presents the effects of social gradients on the number of missed teeth among all four groups. Among all groups, older respondents report higher risk of missing teeth. Female Non-Hispanic Whites report fewer missed teeth (b = 0.099, SE = 0.036). Female Spanish-speaking Hispanics report more missed teeth (b = 0.182, SE = 0.053). Compared to respondents with no high school, Non-Hispanic Whites who have finished high school and those with higher eduction report fewer missed teeth. Non-Hispanic Blacks (b = −0.357, SE = 0.093) and English-speaking Hispanics (b = −0.341, SE = 0.144) who have a bachelor degree report fewer missed teeth. There is no educational effects for Spanish-speaking Hispanics. Foreign born NonHispanic Blacks report fewer missed teeth (b = −0.333, SE = 0.073) than their native born counterparts. Family income plays an important role in the number of missed teeth among all groups. Compared to the lowest income group (less than $19,999), Non-Hispanic Whites who report higher family annual income report fewer missed teeth. For NonHispanic Blacks, respondents with family income higher than $45,000 report fewer missed teeth. Compared to people with lowest family income, English-speaking Hispanics report fewer missed teeth at each higher family income. For Spanish-speaking Hispanics, repsondents with family income range from $20,000-$74,999 report fewer missed teeth.
Conclusion and discussion
There are four key findings in this study. First, there are racial disparities on oral health and dentist visits. Non-Hispanic Blacks report Table 2 Ordinal logistic regression on irregular dentist visits of non-hispanic whites, non-hispanic blacks, English-Speaking hispanics, and Spanish-Speaking hispanics in NHANES (2011-2016, N = 12,307 *p < 0.05, **p < 0.01, ***p < 0.001. a, 95% CI.
worse self-rated oral health and a higher proportion of irregular dentist visits than Non-Hispanic Whites. Second, language is related to oral health, dentist visits, and social gradients that related to oral health. Spanish-speaking Hispanics report the poorest oral health, the highest risk of irregular dentist visits and fewest teeth. Spanish-speaking Hispanics report most disadvantaged social gradients related to oral health: the lowest education levels, lower family income, high proportion of non-citizenship, and half were born outside of the U.S. Third, social gradients play important roles on oral health and dentist visits. Education and family income play protective roles on self-rated poor oral health and irregular dentist visits. But the patterns are different for each racial group. For Non-Hispanic Whites, higher education and higher family income predict less dentist vists, better self-rated oral health, and fewer missed teeth. For other minorities, the threshold is higher. For instance, among Non-Hispanic Blacks and both Hispanic groups, only respondents with a bachelor degree report fewer missed teeth compared to people did not attend high schools. For SpanishSpeaking Hispanics, eduction and the highest family income did not show protective effects on tooth loss. This results from the facts that 40 percent Spanish-speaking Hispanics have not attend high school, and too few Spanish-Hispanics report family income as high as $75,000(only 7.79%). Fourth, nativitiy is an important factor related to oral health and dentist visits. Foreign born respondents of Non-Hispanic Whites and Hispanics show fewer irregular dentist visits; Foreign born NH Blacks and English-speaking Hispanics report less self-rated poor oral health; foreign born NH Blacks report fewer missed teeth than their native born counterparts. Non-Hispanic Blacks and Spanish-speaking Hispanics who do not have citizenship are more likely to report irregular dentist visits. Spanish-speaking Hispanics with no citizenship are more likely to report self-rated poor oral health. This study contribute to current racial oral health disapries in three aspexts: first, this study has explored racial oral health disparities among Whites, Blacks, and Hispanics through national wide data. Previous studies have mainly focused on local regions or single communities, which confound disparities with local issues of access to oral health care. Second, this study checks language barriers to good oral health among Hispanics. The author intends to propose that langage is an important stratifying factors among Hispanics. Spanish-speaking Hispanics present lowest educational attainments and lowest family income. They also report highest proportion of irregular dentist vists and self-rated fair/poor oral health. This result can help scholars to rescrutinize the Hispanic/Latino Parodox and find out assocations between socioeconomic status and health outcomes among different groups of Hispanics. The third contribution of this study involves the role of nativity on oral health disparities. In this study, not only Hispanics, but also Non-Hispanic Whites, of whom 4.13% in the sample were born outside of the U.S., reported lower risk of irregular dentist visits. Non-Hispanic Blacks, of whom 11.56% were born outside the U.S., presented lower risk of irregular dentist vists or self-rated fair/ poor oral health. Non-Hispanic Blacks also report fewer missed teeth than their native born counterparts. In the future, it is meaningful to examine the combined effects of nativitiy, length of stay in the U.S., and the role of primary language on health disparities among all racial groups.
This study bears three major limitations. The first involve the definition of English-speaking and Spanish-speaking. The original question focused on the language they use in home. It is possible that people who speak only or mainly Spanish at home can also speak English very well in their workplaces or in public places. Second, the data are draw from self-reported information expcept the number of missed teeth. Therefore, the data may include some inaccurate measurements. Third, Mexican Americans are overrepresented in the sample. Therefore, the complexity of Hispanic population is not clearly presented. Finally, the magnitude of effects of social gradients on the number of missed teeth Table 3 Ordinal logistic regression on self-rated oral health of non-hispanic whites, non-hispanic blacks, English-Speaking hispanics, and Spanish-Speaking hispanics in NHANES (2011-2016, N = 12,307 *p < 0.05, **p < 0.01, ***p < 0.001. a, 95% CI.
are comparatively slight. This is because the sample of this study includes adults from all age groups. It is possible that the effects of the number of missed teeth is counterproduced by young people.
Table 4
Negative binomial regression on the number of missed teeth of non-hispanic whites, non-hispanic blacks, English-Speaking hispanics, and Spanish-Speaking hispanics in NHANES (2011-2016, N = 12,307 
